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A total of 186 kindergarteners were pretested on 
number conservation and two cognitive style measures representing 
Kagan's impulsivity* reflectivity dimension and Santostefano* s 
leveling* sharpening dimension* Prom this sample 72 nonconservers vere 
assigned to one of three conservation training conditions; 
reversibility training, discrimination training^ or no training, 
lEopulsive- reflective and leve ling-sharpening children were 
represented in approximately equal numbers in each of the training 
conditions. Two posttests of number conservation and transfer 
conservation were administered, one immediately and another two weeks 
later. Results indicate that; (1) prior to training, natural 
conservers made fewer errors on the impulslvity-ref lectivity measure 
than nonconservers; (2) impulsive chi Idren were more susceptible to 
reversibility training, and reflective children profited more front 
discrimination training; and (3) in the transfer tasks, reflective 
children improved their conservation status from immediate to delayed 
posttests while impulsive children did not^ In contrast to the 
impulsivity-ref lectivity dimension, the leveling-sharpening dimension 
did not seem related to conservation in any consistent manner* 
(Author/SU) 
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Abstract 

The prii^^ary aiM of tiiis study Wt»s tb Ueteraine v/hether children 
or different coonHivc styios are uoro susceptible to different fon^is 
of consorvation trairiifuj, lotj ki nderyarteners v/ere pretested or) 
nuijbor corisorvation -ind tv;o coanitive style /iieasures representing 
TAi.Kin^S' iiapulsivi cy-ref lectlvi ty dl!;i\ens1on and Santostofano's Icvelinu- 
slia^pening din-eiision, Fro*:i this saniple 7'^ nan-ca;iscrvers v/ore assigned 
to one of three conservation traininy conditions: reversibility 
training, discriMination training or no training, Inipulsive-roflective 
and leveling-sharpening children wore represented in approxii.iatley 
equal numbers in each of tiie training conditions. Following training 
t\io post-tests of nUujber conservation and transfer conservation were 
aa.n^nisccTL^d, one iu.iedlately and another two weeks later. The 
rei;uli;s showed several instances v^iiere style variables were associ- 
accd v;ith conservation acquisition. First, prior to training natural 
conservers uiade fewer errors on the ii.*pulsivti:y-ref loctivity rneasure 
than non-conservers. Second, an anticipated style X training inter- 
action occurred; lijpulsive children were i-iore suscepcible to rever- 
sibility training whereas refluctives profited uvjve froij discrimina- 
tion oraining. Third," in the transfer ta.'^ks reFlectives if>iprovecl 
tiieir cons^irvation status froin imiiiediato to delayed post-tests while 
ir.ipulsives did not* In contrast to the impulsivity-reflectivity 
diriensioa, the levelinrj-sharpening diniension did not seeiii related 
to coiiservation in any'clear or consistent manner* 
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IritrodLiction 



The effect of training experiences upon Piagetian type tasks 
has bfien ^l^rAy dCiOTStrated. The various types of constjrvatlon 
(e,n., BroinorU Allen, 1:^71), clasGification (e.g., Caruso 
Resnick, ^97^^:, Pcirkor, Sperr ?i Reiff, 1S72), transitive reasoning 
(eg,, Bryant Trabasso, li)71) as v;cll as a host of other cog- 
nitive skills are all ame^iable, in varying degreoii^ to accele- 
ration. The fact that such shi'Il? can bo oCCGler^ated, but only 
^Hi varying degrees*^ raised questions regarding the liiiiits of such 
paradigus. Aside fro-:! poorly designed training procedures, it 
appears that trie major factor which liiints the effectiveness of 
training is the range of pre-existing skills and prtiferences 
v;in'cii the child brings to tiie training session. The in;portance 
of such skills iias been reflected indirectly in several studies 
where it has been sliown that older children are rare likely to 
profit from training experiences tiian younger children (Beilin, 
inhelder h Sinclair, 1969; Peters, 1970). Other studies, 
ciiti^er by controlling age or by manipulating age and training 
conditions hav^^ dei-onstrated the inportance of specific skills, 
sucii as coi.iponsation (Curcio, Kattof, Levine 5 Robbins, 1972) 
or perceptual nnd motoric strategies (llhltn^an u Peisach, 1970), 
upon the effectiveness of trainnig. 

The extent to which cognitive style variables enhance or 
inhibit the effectiveness of various training techniques is kss 
firmly established, Greenfield (19G6) argued from data based 
upon /vif?rican and Itolof children that the sets of experiences 
responsible for conservation acquisition rnay be soniav/hat diffe- 
rent across the two cultural groupSg 

The success of an instructional method in one group of 
children and its failure in another strengthens our convic- 
tion that differently enculturated children have basically 
different sciiOMata for approachinn conservation (Groenfield* 
196C, p,24y), 

UnTortunattily, the evidence provided by Greenfield \ms riieagi'^r 
and subsequent study of sij-iilar groups of children has not substan- 
tiated her claim (Lloyd, 1971), In another Inves t;^fydtion by 
peters (1070) it v/as hypothesized that different forms of number 
conservation training would not have equivalent effects upon pre- 
conscrvers whose cognitive styles differed along dimensions of 
verbal level and analytic sorting behavior. Although suggestive 
trends v;ere present, the results did not reveal significant style 
X training inJ:aractions, 

Of course, the possibility remains that a. stylo X training 
effect C'lnnot be den:onstrated in conservation training paradigms 
alti':Ounh it is not likely. In discinl incs other than cognitive 
development which focus upon issues of behavioral change, such as 
education (e,g,> Saiiders, IJi VesU ?i Gray, 1972) or therapy 



(e.o., jJoos & ilacJntosb, 1970), the v.ilufity of a ^*trait X treat- 
ment*' interciction effect has been fronuently denonstrated. More- 
over, coynitive style variables have been sJiowii to relate to 
conservation status (Orpet n Meyers, 1^70} anu to influence the 
kinds of inforM?ation v/hic'i are processed in perceptucil learnina 
situations (riebelkopf a Drcyor, 197J; ulou, Mclntyre u iJealo, 1971)* 
One f:iajor problem:! in testinn the validity of style X traininn iJiodela 
in connitive cievelorjuoiit, pcirticularly conservation acquisition, 
is that specific diuensiojis of connitive style v/iiich riiuht relate 
to processes of conservation traininn iiave not been clearly speci- 
fied. Indeed, there is little consensus about the experiential 
processes involved in conservation acv^uisition itself. 

The purpose of this study v/as to deiaonstrate that style X 
traininn effects do opercite in conservation acquisition* To 
rej:jedy certain problems v/hich could have been contained in previous 
research, tv;o specific features v/ere incorporated into the research 
desion. First, conservation trainincj techniques aere employed 
v/hich (1) have proved to be effective inducers of conservation In 
previous researcli and (2) appea.^ to induce conservation via rather 
different psyciiolonical processes* Reversibility training, first 
uSffrJ by t/allach and Sprott (1964) and subsequently in a nuriiber of 
studies {Wallach, l/all Anderson, 1967; Eroinerd, 1972), and dis- 
criijnnation training {ilalford, 1970; llalford Fi FuUerton, 1970) 
vfouUi seern to fulfill these criteria* In reversibility training, 
eleuients (e.g., checkers) In two numerically eoual sets are arranged 
in one-to-one correspondence, a transfornation on one sot is per- 
formed (e.g*, a row is olongated)^ the conservation question is 
asked, and then follovnng the child's response, the transformed 
set is returned to its initial state v;here the elements of both 
sets are again in one-to-one correspondence. The technique is 
believed to facilitate a recognition in the child that rearranging 
eleuents does not effect a channo in nuMber and that perceptu-il ly 
transfor;;/ed sets have the potential to be "reversed"* In discri- 
uination trriining, an attempt is niade to have a preconsorving 
child recognize that, in a row of el&^ients, the length of the row 
or the density of eleuonts within a rov/ are not by thciJiselves suf- 
ficient indices of nuniber* The technique encourages a recognition 
that length and density jointly determine number and that attention 
to une without consuK^'^atlon of the other will give erroneous results* 
This tecimique is meant to correct one of the m^jor reasons for non- 
conservation, nafr^oly, the child's tendency to center on one diniension 
of the conservation task to exclusion of the other. Contrasting the 
two training procedures, discrimination requires a great deal more 
stii.iulus scanning, dissection and comparing a^;ong sets of elements 
thcin rev.erslbility training. A r^iOre e^^tensive discussion of these 
procedureri is given in the^mothods section. 

A second feature of the research strategy in this ^tuttv was that 
children were protested on two separate cognitive style dimensions: 
Kagan's (19615) impulsivity-ref Icctivity scale and 



ocintostefano's (1954; 1953} measure of leveliiin-sharpeKina* An 
Important cispoct of both these dimensions is that the tests under- 
lyinn t'mi:\ provide acceptable test*retest reliabilities* The 
impulsive-reflective ouiien^ion is believed to nieasure on indivi- 
dual's "conCGptuQl teiiEpo*^ or "the cjv^nree to which the subject 
reflects on the validity of his solution hypotheses in problejus 
that contain response uncertainty'* (Kagan a Konan, 1970, p*1309)* 
The niost coMi.K)nly used measure of inipulsivity-reflectivity, 
the I'-fctching Familiar Figures test, has a high degree of relia- 
bility and ha^ been shorn to generalize to mny other tasks 
(Kagan & Kogan,1970)* The second connitive style dimension, 
levelina-shrjrpeninn, has been conceptual ized n^ainly in torms of 
memory processes and the ability of an individual to Jiiaintain 
and coMpare discrete mer.iory traces over time* Sharpeners tend 
to perceive and maintain discrete memories so that eleiiients do 
not lose their individuality* Levelers tend tov.'ard more global 
perceptions and merge new experiences v:itii memorie^i of earlier 
experiences so that temporally ordered events are less distinct* 
Like the impulsive-reflective dimension, level i ng^sharpetii no 
nieasures are fairly reliable and some evidence has been presen- 
ted for their face validity- 

The particular manner in which the training techniques will 
interact with one or bo!;h of the cognitive style dimensions v/as 
not predicted beforehand* As noted^previously, the basic re- 
search strategy was to select tv/o rather different conservation 
trainij^n procedures and apply them to children who were pretested 
on tv/o reliable cognitive style measures* One nnght be teiiipted 
to predict, for instance, that discrimination traininn, because 
it apprjars to require more visual scanning and discrimination 
than reversibility training, would be more effective for reflec- 
tive children who engage in such behavior more frequently* Re- 
versibility traininn, since its demands for visual scanning and 
co::iparison are minimal, may be more effective for impulsives* 
While the predictions appear plausible, other research by 
Peters (197U) has shown a tendency for the most effective style 
X training interactions to be of a "compensatory" type rather than 
the matching of training to aptitudes* Specifically, the trend 
in Peters' study was that i;iore verbally adept subjects profited 
most from non-verbal, perceptual training v/hereas perceptually 
analyiiic subjects were more responsive to training wliich er^ipha- 
sized verbal rule instruction of the conservation problem* 
Hence, in tins stuay, an overall interaction of style and training 
v/as predicted but no specific prediction was iiiade regarding which 
particular combinations of style and training would be most effec- 
tive* 
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TiiQ design of the investigation coritained following pro- 
cedures* Firsts pretraininn asscs^^tnent wfrich included nuuibar 
conservation and tv;o connltivci style ui:iasuros was administered* 
iionconserviny children representi r^j four coiiibinations of two cog- 
tritive styles v/ere identified cind assigned to two conservation 
training groups and a control group* An iiiiiiiediate posttest of 
nuinber cunsorvation and four transfer tasks v;as administered and 
a uionth later a similar posttest was adhjinistered* 

Subjects^ 

Ine subjects for the study were the entire population of a 
centralized kindergarten located in a suburb of Boston* There 
were 196 children enrolled in the kindergarten at the beginning 
of the study; ten of these v/ere not included in ttie final results* 
three had luoved away, four had illness or absence which inter- 
fered with the timing or sequence of the study and three were 
unable to cooperate suffuciently for the liieasures to be considered 
reliaole* Uf the Ido children remaining in the study, there were 
111 boys and 75 girls* Ho city-wide statistics on the sex dis- 
tribution of the kindergarten population were available but the 
children were bused in by whole neighborhoods so that the pre- 
ponderance of Doys vjas not produced by a selection policy* The 
children were bused to the centralized kindergarten because of 
lack of classroom space for kindergartens in their ovm neighbor- 
hoods* All children v/ere Caucasian* The mean age for all the 
children was 6*78 years ranging from 5*13 to 7*07 years* 

Proce dure 

A pretraininq assessment over two sessions was conducted for 
all subjects* The procedures included number conservation tasks 
and two cognitive style measures* All testing was carried out by 
tXiO faiiale experimenters who took the children one by one to an 
unoccupied room a short distance from tiieir classroom* 
l;liJi]\ber Conservation _£r number conservation was tested in 

tnc:"ftriTowrng manner* fne"child v^as given a bag of checkers and 
tiie experimenter said, ''Please taf:e out five checkers for your- 
self*^* Nearly all the children were able to do this but occasion- 
ally it was necessary to say> '*Is that five?*\ When tlie child's 
checkers were correct the experiuienter said, "Now take five for 
me*" The experimenter then foniied a line with the child's 
checkers and opposite it, in one-to-one correspondence, another 
line with her ov^i* Tne experiiaenter asked, *'Do we have the same 
amount of checkers?" After the child replied th^t the rows were 
the sahie, the experimenter said, 'S'Jow v;atch v/hat ! do" and spread 
the child's row out* The experimenter then asked, "How about 
now? Uo we have tiie same aruount of checkersV^ If the child said 
"j;o", the experimenter asked, '*Which one?" and then ''How do you 
know?'* For the children who replied that the amount of checkers 
remained the same ^fter the transfon^iation, the e;^perimenter 
asked, "How do yuu know?'** All choices and answers wek^ recorded. 
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Three additionci'l transfuniiations wore carried out in the same 
manner* tiotv/c^en trials the diockors retMrnoJ to one-to-one 
corresponuenca and tiia child asked to confiru their equality. One 
paint v;dS recurdod for wen conserving response ^nd liiost of the 
children (o/^) v/oro consistent in th^^ir responses^ tiiat is^ they 
scored a total of either zero or four for the nuniber conservation 
tasks* Explanations unaorlyina coiiservation or nonconservi no 
(ins*,"itrs as v/g11 <is other ccu::er.';s vxro also recorded, 
L*:X?.lJjIii""ll^X^2^^^ The House Test, dc^veloped Uy Santo- 

f;^f"tina (Jy7rj, was""iisod tu assess leveling-siiarpenintj. This 
tost consists of a set of 60 cards coutainijig line drawings of a 
nouse. Examples of these carus are given in Appendix A, "Beginning 
v/ith the fourth card and on every third card thereafter, some de- 
tail of tJie drawing is omitted. The cards were shown to t/ie child 
one at a tiii^e with the instruction to stop the experimenter vjhen 
he notices suuetfiing iias chdngeu, Ti^ere is a total of 19 changes 
so that ultir.iately 1^ details disappear froni the picture. The" 
leveling-sharpening ratio is a score detemined by both the number 
of ciianyes observed and the length of ti^iie elapsing betveen the 
actual change and the child's report of it* 

During the auniinistration of the House Test the experiinenter 
recorded the child^s responses on a scoring sheet derived fruni one 
devised oy Santostefano* Actual changes are likirked on the scoring 
. sheet so tiiat a lag score can be obtained. That is, if the child 
said tnat the doorknob had disappeared on card 15 when it had ac- 
tually occurred on card four, then tJ*e lag score for that item 
would be 11, ror eacii item not observed by the child, a number is 
added to his score equal to the difference between the card number 
of the unobserved change and the total nui;ibor of cards, that is, 
do. For exaKiple, the doorknob disappeared at card four. If the 

lf\ child does not note tnis cnange at all, i)6 points are added to 

his score. The total score is a ratio obtained by adding together 

'^'M all of tne lag scores and all of the unobserved scores which are 
^ then divided by 19, the total number of changes* The mean for the 

t^/^^ entire sample v^as deteriiiined and subjects were classified as 

^2 '*levelers" wiio scored above tiie sample mean wiiile subjects scoring 
below the mean were df^signated "sharpeners*'* 

I''^pulsiyity-*Hefl ectrv i tv j-le as ure. The second cognitive style Jiiea- 
^jf.i? surci was derived fromTagan^s" liaTtciiing Familiar Figures Test 

0(rtFF, l9ou)^ Since tha children were Vather young, Wright's Kansas 
Kef lection-Impulsivity Scale (KRISP, 1971), a downward extension 
^ of the t]??^ was selected for use* The MFF is made up of a series 
of tVr-elve trials. Each trial requires that the child choose the 
correct picture frujif among six variants* Those are line dravnngs 
containing considerable detailo The KRISP consists of ten trials. 
The line drawings are larger and Uss detailed tijan the HFF and 
the nuiiibor of variant^) ranges from four to six. In addition to 
the determiiiation of the subject's tempo, the KUISP also provides 
ddta on the subject*^ ability to discriminate among the details 
of a stii^iulus cirray presented simultaneously ratiior than serially 
as in tiie House Vest. For the KRISP> a standard o^nd four to six 
variations v;orn shown to tiio ciiild and ho was instructed to 
"Find uje picture dovm here which is just like this one up here". 
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(See Appendix B)* The plcturos were liiountad in a three ring note- 
book in sucn a way that the standard apiu-are':* at the top* Doth the 
tiiiie to the first response and the nui.iber of orrors were recorded, 
cis vfell as couiiieots and observations such as whetiicr or not a child 
currecteu an erroneous response spontaneously* 
^^C^CJi-lS^lltiLilCf^^ There were 114 children v/ho had given two, 
tnreo or tour conservinn responses on the nuuber conservation test* 
These were desianated as conservars and received no further tests* 
Tiie 7Z children who scored zero or one on the conservation tasks 
v/ere deslgntited nonconservers* 

Ai.ionu those children who scored above the sample mean in re- 
sponse tine and below the hiean error score were designated reflec- 
tive* Chilaren at the other extreme v;ho score below the mean^ 
response time and above tiie liiean error score were designated im- 
pulsive* About tv/o-thirds of the subjects usually fall into these 
two categories* The reniaining third of the subjects are either 
both fast in time and low in errors or slow in tihie and high in 
errors* Some researchers use only the time variabVe to determine 
impulsivity but considerable information is discarded by following 
that procedure (see for instance, Kagan, Pearson and Uelch, 1966)* 
Clearly, impulsive responses v/hich are correct are different from 
those which are wrong* Therefore, in order to dichotomize the 
KkISP data, the time and error scores were combined into a single 
number* Tills done by dividing the response time by the sum 
of the error score and a constant* Adding the constant provided 
a v.iore uniform scale while leaving the rank order unchanged* Exa- 
mination of the data showed tiiat this method resulted in the highest 
scores for those Identified as "pure** reflectives by the conventio- 
nal means and tne lowest scores for those identified as *'pure** im- 
pulsives* Subjects above ti^e median were designated "reflective" 
and suDjects belcw tiie median were desigiiated !*impulsive** in a 
procedure similar to that used to classify levelers and sharpeners* 
Table 1 shov/s the distribution of the subjects classified by both 
impulsivity-reflectivity and. leveling-sharpening* 

TABLE 1 



DISTRIBUTION OF SUBJECTS CLASSIFIED BV IHPULSIVITY- 
REFLECTIVITY AND LEVELING-SHARPENING 





Impulsive 


Reflective 




Leveling 


19 


17 


36 


Sharpening 


17 


19 


36 




36 


36 


72 



The nearly even distribution of subjects indicates that these 
styles are independent* Santostefano {I9t)9) found that leveling 
is associated v/ith lov/ niotor delay and he also cites Klein's con- 
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tentiun'that ti^e capability for &^]ay is a "critical variaule Uis- 
tingtiisning levelers and sharpeners", AlLiouoi) niotor delay may 
be different frOni cogtntivQ delay* tiieso data do not support tj)0 
contention that inipulsivity and loveliny are asisociated* The 
chiiciren represented in each of the quadrtints of Table 1 were as- 
signed in order as tiiey werc^ identified to two training groups 
anu a control group* This resulted in a very nearly equal dis- 
tribution ef the 4 cognitive style combinations among the three 
groups, 

l!I^lil!i]^!,^l^i2ilV training sessions for all 7Z nonconservers 
v/ere fjiitlatecj v^fthln a week of their identification and in most 
cases within a day or tv;o* Tnere v;ere two training sessions in 
all experiniental conditions* Most subjects received training on 
two consecutive days and tht; ii^^iiediate posttest on the third day. 
The delayed posttest was -administered within to 30 day5 after 
tiie ifiiiiediate posttest, 

/^ll training was conducted on an indi- 
viduaPuasTs irT a rooln close to the child's classroom* The same 
materials were used in all three groups. Two pieces of poster 
paper 14"x 22^*v;ere attached to a sheet of steel shim to fonii a 
surface suitable for aiagnetic iiiounting of figures. The figures 
v/ere a set of identical dogs (resembling the cartoon character 
Snoopy) and a set of doghouses. All pieces were made from con- 
struction paper with a Sijall piece of magnetic tape on the back. 
Thus the figures were held finiily in place but could be moved 
easily by the experimenter or subject* An easel was used to 
support and present tne cards. For the first training session- 
there was a set in which each Snoopy was a different color and 
there was a doghouse of tiie corresponaino color for each to pro- 
vide an additional cue for establishing one-to-one correspondence. 
For the second session* a variety of colovs v/as used but on any 
one trial all the dogs were the saiae color and in each row the 
houses v/ere all the same color so that color was irrelevant but 
not lalsluading. 

Pi scnjii nation T raining, Ten cards each containing a standard 
row anu'^two co^jparison rows were prepared in advance for each 
training session* In general, a si^inuard row uf dogs (*^t> or o) 
were placed a'c tne Cop of tiie card evenly spaced* After a 
bldnK space beluw* two rov/s of uognouses v/ere arranued; one row 
cuncaintiu iiuuses equal to the nuuiuer uf dugs cuntained in the 
scdJidaru row* Tiie reiiiuining row of iiouses containeu either one 
More or less than tne iitahdaru row* Sai.iplii uisplays are iinown 
in Figure 1* 

In addition to varying cne numbers uf tlie elL^nients in the 
variuus rows, the s^jacing varied iiu thdt t\\<i correct house ruw 
was sut*ieti*.u;i> cul- same length as the dug row and souietiuies it 
WdS Junutjr ur s^^ori^^r* Tne uistractor row ahu varied in spa- 
cing anu Ifcingth* Tne curreci: hou^ti row. and end distractor ruw 
were alternattiu in each trial witii respect to uie tup ur bottcdi 
po::/it;ion* 
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The firic curu vjas dx^useu fur tiK child and dk^ uxpc^r ini^n ter 
Sdiii, ^'Heru tirx? sui^L' dugs <i:*d Itiey ar;j loukintf for tneir nuusus*' 
Huru iirti sO(,io iiot^ses auwi'i lii^re^ Ttiti ounio lb cu ciiousu i;ho rovi of 
i^uuses su Ciidl: dVt-ry uua nus iiuusti ctnd uvor.y huucic a uuy. Will 
it DO t^:is ruw (rufunng finger alony ruw) or tins row? Ifuu i«ay 
cuuii'c If >'uu lii;^*'* 

Ai'ter Uf)e child indicated a choicfi, the t!;<periiHontor suidv 
^^/ou can hiovc tiie ituuses. Put tiium witn Zi\:i dugs and seu if you 
v/ort: riujlt*^ Tnu u/;iirir1iiidnc:;:r so^i^^Jtii^^ :3 nelpud cv ihovh cne fir:>t 
piece. Aft^r tna ntjiis^s <^/eru u;Klor tiu? Ji>qi^^ l^ie exjJ^it^lj'iuiittir 
uSK^u, ^''iiijVii ya<j ri^jitt?'\ IT a\Ki cniiu htiu Cfiost^ji cucrtcDy and 
said that iie u^u, liit; uxp^rlinii-ntter said, "Vet;, you werii riglrc.** 
Ir thiL^ Ciiiiu hau cjiosun incorr^uctJy and said tfiat ije riyiit 
ttti^n tU^ -^xpcrii-ienter poinucu tu t\\^ extra *.iou or iiuuse aiui 
tasked, '^nuic uouut tin,s uno?"* In that cfise^^ instructions were 
rupedt:t:;d uri ur^ n^jxc tria]* Tjiu criterion fur turi.riiKiting tite 
Lraininu was four t;uf»sucuhive corrtict crjuicos aim d niaxiiiuii: of 
tt:n trials wcrG yivoii uacn day* 

Tne sucuiiu Strips of criuls on the fulluwing day wure con- 
due teu iii tne Jiaitie ucnini^r urxept that, ai> previous!./ iiottid, the 
cuiur cue ^;as r^^^wvau* Also, cnu seriii^ of training i:rial:> pro- 
(iruii;>od fruhi si.;all nu;>iuers of du^fs anu nuustiii in the rows to 
iar^jer nu3=tbctrii4 

'l^^'i-^C-UilLLi^^ ^'^^ cnild was sliown a ro\-i of doghouses 

cranTftiTTTTou Tr^cfn'g ui r.op (soti figure ^*)^ Tha experim^Titer 
asked, "Are tnere juijt as nuiiy dous as iiousef*? Dugs every 
Snuupy navt; a house?*'. After tny ciiild answered aff iniiativGjy , 
uie experiiiiiiiict^r muviju cm-j dugs away fru^ zno huustis. spreadiny 
them uuL at twj "r^auie. uiiii^i* TnL^ cxporiiiiuntor tnt;n a^^Ked again, 
"iiui; abuut now* Are tn:;ru just r^s uaisy uuns as houses? Does 
ovury Snuopy nav^- a nuuse?"* Aftur cfio cnilu reiipujidud, the 
experii.juncor ^^aid, '*9ut tnetn baci; ana sue if yuur were riQht'^ 
and ZiVJ*:, ^^v;urf^ you riuht?'^ 

Ton i;ri<v]s of tiii^ ti'Pt? v.'ore desiyjied and, as in the discri- 
hrinat^iun pruceduro the;/ varit^u in ni<mc.-zr ana type of transfonna- 
tioji* l-ur sane trials dogs w*rre hiuv^iu^ for otJiers thu houses 
vjert; ^lovud* i^s iw tuti dlscrlMinafion craining^ tne first serioii 
Vj;,^ru aiuuu b}/ Oj\or cuos ;;fncn t^t-rd uiii-ritiat^iU i^i trie seconu 
SG)ies* hQiiin four CLtni^j^ciitivfj correct rt^spunses were the crite- 
rion fur tcrminutiny i:no training* 

ijunj^ruls. Likt^ tiit* training groups, tim control group also was 
^A:i}\Tm\\io coii^iocuci ^-^j euys* i:acn ciiild was cixposeci to the 
Training j.iat^:iriuls ]yji i.nd nut receive any sfj-jcific training, 
hiviau ia tv^Pu-stt::^^^ First, tnt; satti-^i cons'jrvat.inii of riuiiiocrr tasks 
usVrd Tn "^ifir^" V^^^^^ v/cro rt^aui.iin'istt^riM l^or one pQst(;^::st. In 
auaiuiun^ four oLiu^r cuiu^u^rvatiun tasks v/ertj adMlnist-ir^d to as- 
stj-is tuu transfer of iw..: \]u:^\oiir considrvatlon traiirinn to utiii^r 
t'/pr.;i^i of cunSi;r';a tiujN '\m curiiiurvations assjjSSLO v;5^^re ^isass, 
lungtii, area und discontinuous quanti ty* ^ Sinc^: niM.Jber conserva- 
tion is usually tne fii^st cons^jrvauiuit acquired, aunitiunal con*- 
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sarvatian tasks iuiU nut been ddiiiinistc^rL^ci as p^rt uf the prutust* 
Tne uruer in which tntise fuur tasks weru aoLiinist^jruU ivas counter- 
lia]anceu dcruss dll subjects via a Ladn i>tKksre ac;:iign* Tn(:;rs 
\i<irtt tv^Q trajjsfurijiauiuns for taach consorvaLion type* Ouostions 
vv*;r»j iJii.iiltir in funji tu tiit: cujjSL;:ryaciun uf nUMU\:r questions* 

Tu Lest cun:iLTva tiun uf i.iuss, pl<y douyh v/as useu* TnCi ex- 
periMunter u1viLii:d a cdu of ujt; dounli intu tvK) pieces ond railed 
inuij "into pdllSj ad;iuSLiMu tnuii until tijt: cnilu unreed that triey 
contained tne iia^.itj an^uuiit* Thvi experiuunctir thoi^ rullcd her ball 
ijitu ii luNu '*nut uotj" auu posed tne surios uf cunsorvatioji ques- 
tiuns* Tnt^ child^s rii^;[}unses cind cuiiii4Qnt:> v/ert: recurdud. Aft^r 
restorinv^j tnu tv;u Dalls ano acjain ohuainlnu a juucniunt uf **same"j; 
unti cnild's oall was bruKen into tnret pttjcc^s tinu the conserva- 
cioii qui:sdons repeatuu* 

Fur lunntn cojtservdtlun, tv;o 1/4-inch rounu sticks* n1nii 
incnes iOiiy wore displayed parallel tu t^ach other with ends aliyned* 
Tne cnilu v/as asKea if tney wt^re tnt; sa^iie lenuth* Tne first trans- 
furiikrciuij was iiiuUj by s'lidina ujju iJtick to tiio riaiit and ttv^ con- 
servaciun questiuns ^vere posed* Alter alluninj the sticks again, 
tne secuna tran^fun*]atiun was i^iaue by placiny one stick at a 
anyle tu tiie other ^uiu tna coi^^ervatiun questiuns were repeated* 

Conserva'dun u1' area was assessed usina twu identical sheets 
of cjreen coriSLructiun p^jper as "fi elds''* A plastic toy nurse was 
placed on oach field anu the child was as.%ed if cne hurses had 
tne sdhie aiijount uf nrass tu oat. Tiiree barns were then added to 
each fielu* un une field Ihe barns were pU-cud side oy side along 
one eune ana on the o!:tier fiola the uarns wt^re placeo in each 
corner anu the ciiilu was asKod if tiie iiurse^ nad tiie saiue aiuount 
tu eat nuw* Tiie second trial v;as sihiiiur t^xcept thai; fuur barJts 
were usee una it shuuld oe noted iiere tiitit each uarn was a diffe- 
rent color* 

Tne final conservatiun uasK, uiscontinuous quantity, Vias 
given using ir^nJiparent c/li'iaers and sunflov/er seeds* , The seeds 
were puureu intu twu idt^ntical cylinders and aujustiiients made un- 
til tiio chilu aureeu uiac tne lwu. cyl ineers cuntaiiieu the same 
cijiiOuni: uf Stilus* The c^-ntents of une eylinuer were poured into 
anucner cy'Jinuer whicn v;as tall-^r aiul narroy,er and tho corjserva- 
tiun quesciuns posea* After estaoiisiriny equality aofiin, the 
isecond trujisfuaiatiun was hiaee by pouring toe seoas into a cylin- 
uijr wnich v/us shorter and wiuer and tne con^t;rvatioji questions 
were repeuued* As noteu previously all uf tne cnilu's answers 
and coi.i)[:ents were rccurued* 

*i^tli>l^^'iJ!.y.^J^1i^^^ ^^'t^ s^^'"^' materials and procedures v;erc again 
ai7i7ruyeu TuTTr7e eel tiyeu posct^st* As before, number conserva- 
tion was assessed first anu ti;e utner four tasKS were given in 
counteroalanced order across subjects* iJu subjects were lust 
bep;een iiu.iediate pusiit-jst ^tnu ueltiyed posttest so tnac compiete 
data Were obtained for 7«i suijjects* 



11 



RtiSultS 



^7trjrcrZ"pi tTaunts the ti]t;ircorrelutio)ts auioiiu tite pretrainiiig 
viirUiultiS fur the eiitirti siu.ipU!. As can be seen froh) Tciblt; 
ttiert; wsn tuu sirmincciirc correlations. Tiiey were (1) a iiyga- 
tiyti corriildtion utiCweeii tiie cunservcitiun score ttntl errors on the 



TABLE 2 

CUiiKELATIOi^ MATRIX: PRETIiAIiJiNu VARIABLES* ALL SUBJECTS (iJ=lUD) 



AGE 

COHSEHVATIOii 

LEVELIijG- 
SHAKPEiiliiG 



KKISP 



TIi-iE 
ERRU!( 



AGE COMS L-S 



KiiISP 
TIME ERROR 



U.U0i)4 -0.035U 
-0.114i: U,\}39Z -0.019G 
0.04lo -0,Z37i)* O.u4oi) -U.2445* 



KRISP {p<.L)l) and (z) a nsfiative corrulation between the time and 
errors on tiie KlUSP {p^.Ol], None of the iiieasures correlated 
vjicn agii, {jrobituly because tiie o<je r-ioye for tin's parcicular popu- 
lation was (juite narrow. 

Correlations were also coinputeU Tor tiie conservers «no noncon- 
servers separately. Taoles J and 4 present tiiese data. There was 
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TABLE 3 

COuRELATIWI MATRIX: PRETRAIilliiG VAIUABLES^ CONSERVERS (^^=1I4) 



AGE 

CUNSERVATIOH 

LEVELIIiG- 
^HAtvPEfllilG 



KRISp 



TIi€ 



ERi',UR 



AGE CONS L-S 



KRISP 
TIHE ERROR 



O.U4lJ{) 

U.0231 0.0378 

-0.1 15i: 0.033^ -j,ui4y 

-0.0:3oJ -0.13ijy 0.1152 -0.2bl4* 

*p < .01 



TACLE 4 

CuKKELATIUlI i-aitaX: PRETi^AIjililG VARIABLES. uOiiCOHSEKVERS {li^lZ) 



AGE CQiiS 

AGE 

CQNSERVATIOiJ ' -0.0b73 

LEVELIflG- 

SilAKPE.NIi'iG -0.0070 -0.0691 



KRISP 



KRISP 
TIME EKRUK 



TIflE -0.1^:32 -0.1436 -0.0^:34 
ERROR 0.2077 0.1B14 -O.Ojll -0.2124* 



*p < .10 

oiiG significant neuative correlation (p<.Ol) fur tiic cunstirvers 
(bi^ilivijon KRISP tiiiie cuki error), for tiie noncotiservcrs, no sici- 
nificarti; correliitluns einrfrgcd. Tue iu,uKtti';ti currel^tiuij bfitwoan 
tho KiUSP tiiito (VKi Qi-rur scores wtis jiijroinitl ].y siunificaiit (p<.10), 

III Taolo -J tJie iiioon scurijs anci stamjtira errors Dii too pre- 
traininy varidblijs fur z'm coiiservura and t^i^ noricoiiservers are 
presenbaO. Cu.iparisons of tne iiieans oy t"test for each sox sepa- 



TAt3LE 5 

CuilPMklS&IS UF ilEAUS Fur COMSERVERS AN!) flOiiCOiiSERVERS 







PRETRAIilliJG 


'fARIABLES 






Variables 


Conservers 


iJonconservers 


J. 






SO 


(■iean 


SO 




Age 




0.3b 


ij,76 


0.40 


0,8704 


Lev-Sii 


20.37 


3.7b 


20.59 


4M 


O.iiO 


KRISP ImQ 


4.82 


1.78 


■ 4.6'/ 


1.63 


O.UllO 


KRISP Error 


2.36 


1.75 


3.2C 


1.92 


3.2225* 
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rtHel.y did not yio]<i aiv/ significdnt results and so the data for 
tiiti sexos have Def?n cumbioeu* 

Tim largest viiff^;rence Detv/oen the aroups is found for the 
KRISP errors^ a finaing v^iiich is refloct^id In tho siunificant 
correlation uetv/et^n tne conservation score and KR!SP"errors as 
prcviouiily iiijiitluned* intijoui; exception^ tne mGan5 for the cun- 
servtirs uifferod froj iUe nonconservers in the expected direction, 
if one assumes tnai; Of^nerally the conservors e^vct develupi-ientally 
aheati of tnfi nunconscrvors * Tnat is to say, even faiouuh tiu^ dif- 
ferences diu not rocicn significance, trie conservers were older, 
liiore sharpening, ana took a longer tiuie to respond but were more 
uften rigiit* 

^^^^ justifications offered by the natural con- 
serverl^ wno'Tcured four on the na-ber conservation pretest v^ere 
extiiiiintju to deteriiiint: if tiiore was a ruldtiunsnip betVt'een the 
child^s cognitive stylti ana ins cnuice of justification fur the 
conserving responses. Four classificatory categories v;ere esta- 
olishcid based on uiscussions by Piaget (l^ob), tioopor (19^) and 
Kothenoeru (hJoiJ)* Tne four categories v/ere identity, reversi- 
bility, aoultion-subtractioii ana counting* Table 6 shov/s the 
nuMber of levelers anu sharpeners who gave justifications 1n each 
category* a cnild v/as a:;s1yned to a category on the basis of his 
first explanation if iie off^vQii u\ore than one. 



TABLE 6 

JUSTIMCATIUiiS GIVEN TOR NUMBER COhSERVIHG KESPOIISES 



Br LEVELERS AtlU SHARPEMEHS 





Level ers 


Sharpeners 


All 


Identity 


18 


lis 


33 


Reversibility 


1 


0 


1 


Addition-Subtraction 


2 


z 


4 


Conn ting 


3U 




69 


Total 


bl 


46 


37 



Table b shows thcLt tfu: uajurUy of the cliiluren justified 
ti^tiir cchUervlncj respuni^es b.y coiTntina* It is piK>:;iiule that this 
resE^onso \;ai; ini'luoiiced by the jialure of ti^e n^ai^irials tuul trie 
oxperiMdn::^;r*s ai;!;in;J tne ciiilu to ^'i;ak;j out five cfiec,<;ii^s**, as 
v;eil as tn^^ couuuiiiM dci:ivit1os fo^Uerod in tn:i classrooijs. There 
v/cnv no din'jrunce:^ b^;;twi^jn tne lo;veler^:i anu sii^irpeners in the 
cype or justifications whicn tuuy gave* A sinniar aj^alysis of 
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jus ti I fCd tions accordiny to the ijiipulsive or rcf]e;ctivc status of 
tno ciiiUi yleldcsd a siDiilar pattern of finUingSv Type of justifi- 
cution did not systeiiiat iarily relate to tiie chlld^s cQUintivo style* 

iTrr^c c 0 m coi>uMrti(J to .con trol^ _nroup* To UGteri^*1 ne whetlier 
frro^traTiVrN^^'jruc^^^^^^ pii^r s^er^wort? f7iTf7ccv/e inuucGrs of con- 
servation iirruspcicti ve oKToaiTiti v^:: style), an analysis of variance 
of cne NUiiiDer of cunserviny responses vviiich occurred in tho tv/o 
crainina oroups anu control group was pcTfuniidd. In addition to 
the rraininu factor, two addUlorjal factor<>, iwediate vs* delayed 
post-testi; anu huiijber coniiervatioii vs* transfer conservation tasks, 
wuVi) Inclucidd in tne ovt^rdil analysis* Sijice tnere were tvnce as 
j.iany tran^ij'er tasics a^innis tered than thortj v;ere jjuuuer conservation 
tasics, tnu tot^il number of transfer tasks passed oy an inuividual 
child vjas divided ijy two. In effect tnis proceuure equated perfor- 
mances over trie bvo sets of tasks. Ttre mean nuMber of coiiservinn 
responses according to training group and l;ype uF conservation task 
are given in Taole 7* 



TAeLE 7 

MEAil iJUi'iCi^R COfiSCRVIHG RESPONSES FOR TRAINING 
GROUPS UN NUi'IBER AiiD TRANSFER COI!SERVATIOIi TASKS 



Cofioervation Task 



Training 


NuiabGr 


Transfer 


Total 


Discrimination 


3,32 




4.74 


Kaversibllity 


3.22 




4.81 


Control 


.75 


1,06 


l.iil 


Total 


7.29 


4.07 





The analysis of varltince revealed a significant trainuig 
effect (f- = ;>*lj, df"ii,oiJ, p< ,Ub)* Tne iiieai^ numuer of confer- 
Vina responses (out'bf a possible lu) given by the reversibility 
anu discrimination training groups v/as 4-iil and ^^.74, respectively, 
wipilu cnu control ciroup uuian was U81* Tnus, tiH^< tralriinci proce* 
durtis do to inuucQ conservation, although differences be-- 

tw^^en the t\:o trainino Cjrou[)s are close 7;o zero^ 

In audition a second iiktruinal outcoii^e was ubtalned in the com- 
parison between trio nuijcer coiiservation vs. the trartsfer conserva- 
tion tasKS -tF-^.ol, aif=UirJ, pS.Ju)* A yreatcr number of nuf^ioer 
cous.;rvatio[i^'trials v7ere passed (ir^3*o'i) compared to the transfer 
tasr; (x=i:.u4)* 



PrGtnj_iniVM3aj>:)_j^ Out of the 48 

cnriurun wno^rucvViyad'ouTo^r "colTscrTafioiT^raiMihQ, Z] subjects 
orivii HLfiiiuer conscrviny n^spcnses oi] tnt inuu^aiace posttest, 
tnGre wtiru 1/ suuijccLS who aavo no conserviny respunses at all 
eitnur un nuiiibor cuiiservatlun ur tiici T;rdjisfLM^ t^^si^s* Tisuse two 
araups cun L!X(.u>nneu to dctcn.iine v/iiether they differ froia 
odCM other uji uM,y uf the preu^st ut^asurtis, Taott L preseiits tm 
liitians add stduciaru devicitiujifur tiiese tv;u groups on each of the 
pretraining Vciriables, 



TABLE 8 

MEAtiS FOR PQSTTEST COiiSERVERS A[iD HONCOIiSERVERS 
Ofl PRETRAIilING VARIABLES 



Conservation of liumber Mo Conservation t 





X 


SO 


X 


SO 




Acje 




0.29 


5.69 


0.42 


1.30* 


Lev-Sh 




4.46 


20.32 


4.92 




KlUSP Tiiae 


4.4a 


1.2tj 


4.07 


2.10 




KlUSP Error 


Z,ii] 


1.40 


2.77 


1.73 




i'lutor Dase 


3.21 


2.00 


3.44 


1.40 




Trials to Cn't. 


a.9i 


1.69 


11.06 


3.y6 


2.14** 


ii= 


21 
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* p < 


0.1 










*A p < 


0.025 







Inspection of Table indicates tnat^ over all trafniiigj 
chilupjn \'ii)o acciu"ire;(i conservation are noc ^ery diffuronton the 
Wiiole frou ciiiKireji wnu uid nut benefit from traininy, Tv/o 
uxceptluns Mi^m iwat tho^e. v;hu dcquireu cunservatlon wore older 
(p<,ldj ujjd took liinni f icantVy fowor friaU to criterion (regard- 

of ujie type uf rraininy) than children mo did not acquire con- 
servation (p<,U£:j), 

One aeuiiiioiiLil prucewre v/as carriee out \r(th the data for the 
prt^traiiiiny yariciulu^;, Tf*e trained suhjiicl;s w^ire ayain divided 
into tiiree yroups Jccoruir,y cu wnjjtnor tiiey had made yains in con- 
servation re:W>ons^:■$ po;jCi:er,t to drjlavcd postfcest> staytid the Scuiio* 
or lost- Tnere wero no slynificaac difftrrences t!i+:ona tiie iir^^ans for 
tiiesG tinned yrouu^:* on dwy of tiie pr-r-traininy variables. 
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An analysis of the 
JusTi ffca i^^T,Ts^ut'T-^^^ nui.iuef cunsdfvtrs, reported in 

Ttiule b, did not doi.iuns trart; u cuunitivo styli-: infUiuice, Tne 
^ustif icutiijns for nuiiuier coriServatiun offered uy chilursn wnu 
conserved after traiMinti u'cre also excihiinoci. Tai)le y records the 
nuJiJber uf coiiserviny responses justifieu by cuutitiny strcitenies 
or non--cou[uin9 stratc^yies accordinq to tne type of training which 
the ciiild received. 



TAULE 9 

JUSTIFICATlUiJS FOK CONStHVIHG RESPONSES ACCURDIiiG 

TO mE OF TimiiatjG 

Training 

Justification Discriiijinat'ion Keversi bil 1 ty 

Counting 8 3 

Hon-Cuunting 3 7 

(p ' a,063^{ by Fisher's exact tt^st) 



It does appucir i;hdt the tyfje of training affected the justi- 
fication offerea by tiio ciiilu. It can ue argued tiiat tnis finding 
provides sui.ie inuirect evidence tnat tne tv;o types of training 
did tiave ^fnxz^j^ whicn were uirforent froi^i eaci} otiier, Ajiu, chilurcn 
did acquire tiie strcitegies whicn the training techtiiqi-itis wuro oe- 
signed to foster, jiost of tna cnilureii (6 out of 11) trained by 
the discn'iiiiiiatlon procedure eitiier coeiited or . said "five and five*^ 
v/ithout counting. The discrihn'Jiatiun training uid include tne 
suggestion that tiie child coulu count, lio\jever, the uojects ajid 
tiie fonn of tnt; pustlest ii;eiis were quite differerit fvoh\ zw trai- 
nini* trials so that tiie use of counting ivoulu seeni to be a genuine 
trausfer of strategy, Another ciiild used auUition-snbtraction andj 
of the rehidining cv/o, one said^ "L-e took out five for eacn*^ 
(provious equality} and tnci otner described the operation performed, 
e-ij-, ^you just ^ipreau thuiw out;'*, hwomj the children trained uy 
reversibility praceaures, three also counted Due six ei ciier rofer-* 
red to ti^e previour, uqu///ii'cv or describeu the operation perforiiied. 
The rei.iaining cirild said '*still five'S a troublesome resDonriC to 
classify because id duos contain the nu^tber out tnere is not 
counting aiid U'oru ^^still" iuplies tne recognition of an ioen* 
tity. Those c tassificaiiuns v/t;ra i^iade on tne ua^is or the lirsi; 
raspon;5',i ane ^ol;;^ evcnr^ual ly offered all tii;^ jjossiijlo justifi^cations^ 
nnwever, ^'still five'' was nor. the first chuice of tise discrii.iination 
group. GoJierally^ rJiere was little change fro\i) posttest to cielayeu 
posttest, that is, uiost subjects gave tiie sauv^ justification. 
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l^it^C^^^1.4flJit^k^>Ir-.J^ Tdble lU pre- 

Sciits tne fiUiiiuur ul' cn'i i<J)'^en ivno ucqinrtrj cuiuUirvaciun of nuiuber for 
each cu!i:u7ndi:ion uf u/ij two coyjntive iityles on trie iiUMeuicte uiiU 
delayed puscttiscs. 



TABLE 10 

HUr!BEK T(MI(iEU SUBJECTS ACOUIf<IiUi IjUhBEK COilSEWATlUiJ, 
COGNITIVE STYLUS COnBIiiEU, IHHEUlATE AHu UELAVED POiTTESTS 

Ifumediute Postttist Delayed PosUest 

Ii^ipulsive Keriuctive Total Impulttlve teflective Total 



Levtilers 


a 


'i 


10 


7 


1 


y 


Siidrpeniirs 


4 


7 


11 


Z 


7 




Tutct) 


U 


y 




9 




lo 



It can be seen in Table ]o that while impulsive and reflectives 
iiav'e luurnecJ at abuuc the saiiie rate ajid so jidve t/ie levelers and 
sharpeners, tne^^e is a clear «dvantaue for 1upul:iive-l(^veltir5 and 
ref lective-^snarpLiners uvur uicher reflective- levclers ur lupulsive- 
snarpejiLTS* Also, tne thrive suojeccs wjm t^ave conservijig ansv;ers 
on tnti posttest out nut on the delayed pusttust were all ij;ipui5ivti* 

To cisse^s tne iHunrjer \\\ i;nicii this patterji of rt^sults inceructeu 
with different fornis of craininy, two analySi^fS of variance were 
carried out, one far tnu cons'irvdtiun of nUMoer and tne utiier for 
tho traMSfer taSKS* fur tnese ai)aiyb»e5, c^ie t\i^ crdining uroups 
were rotairjed as a factor uut tile corjtrol yruop v/as nut:, sinco at 
this poini: in ^ho unalysis ic v/as Known ciiat dn overall training 
tiffect was present uuu cne prlniury interest now centered aroi/nd tiie 
interaction of style types wi tit training* Table 11 contains tne 
htean nui.foer of conserving responses un conservtitiuit of nu^iuer ot>- 
tciined froni children classified accuruinq co both iupulsivity- 
reflective scores una leveling-siiarpening scores for uiscrimination 
aud reViirsioility icraininy* 



TABLE 11 

MEAN UF [WiiBER COiJSEKVliiG KESPuiJSES; CUGNITIVE 
STYLES UY Tf{;\InIiKi JrliiEuIATE AriU uELAYED PUSTTESTS CUHBIiiLd 

Ihipa Isi ve Kofi ecti vc Cotuui ned l-k 





Uiscriin. 


HkVLTS . 


Uiscriiti. 








Level (^rs 


l.ijdi 




1.J3 


u 


1.46 


1.0 J 


Siiarpenurs 




■|.S7 




1 .6J 


1 .lib 


l.bi) 




Lib 




i.i»^ 









Au cinalysis of variance of the duta represented in Table 11 
was undtirtaken. siyaificcint (Effects DJuryeU. First> a two 
Wdy iiitbractiun Detwt^en the to*'0 cocuiitive stviiis Ujitjrueu 
(M/./y, uf"l^*iu, p i;,ul}. In effect tni^i ■incer<:ici:ion is con- 
aruent witiT t*iu tJactern uf results given in Taule lu. Cuuparea 
wHh ijripulsive-sharpGners or ryflocUve-Juvelors the other two 
Cuniuijiatiujib uf rufluctivii-sharpeners ixud iuipulsive-levelers 
are uiuch more responsive to 'conservation traininu. Second, a 
su/nificant two vay intoractioji occurred uatw^'en tne iiiipulsive- 
refl(ictive coynicive style dimension and r,he type of trttiniiicj 
auhiinistertau ^s^A^^^ jj^<.ul). Trie iijeaifS relevdiiit fur 

uescribina tnis" inrtir^iction uppeor in the bottpm row of Tuole 11. 
Impulsives profit iiiure from discriuination trainino wiiureas reflec- 
tives are more suscepciulo tu revursiui ] i ty truinimj, Tnore was no 
evidence tnuc tni^ cype uf truinirjy differently nffecteu lev(:iers as 
uppused to sharpeners (r_<l) n.s.^. Tiie last two culuiiuis uf 
Tdule 11 inuicate tnat Uie Jiieaiis are vi^ry simiiur. Finally ic 
Sfioulu De nut^u ttiat t^iere vjere nu siynificant perfui'i-^ai^ce differ- 
ences uutwtien impulsives and reflectives, oebieen levelers i\ua 
snurpenorsj nor Dutiveun tJie oiscrijiH natioii and reversioi i 1 t;y 
trainiiiy procedure {fjz< f.u^ n,s.). 

Tiie transfer uas'kiJ from ciie inmeuiate auu oelayeu posttusts 
were alsu exiL^iiineu tu ciscertain iitturactions of cucinitive buyius 
with differeno types of traininu. Taulti 1^: contaiiis the u\r^dn 
mu\beir of cunserviny responses on tne transfer tusKs for cnildren 
classifiea accuruinu to uuui cognitive st/le coupotiencs as well 
as type uf trainlnu they niceiveu. Tu eiiabl^ cuuuarisuns witn 
data from nujjber con^Jtirvation, the coca! number of responses in 
the transfer u\sk was oiviutiU by two. As nuteu previously^ twice 
as iAniiv transfer tasKs were uiven. 



TABLE 12 

HEAH OF TRAHSFER COiJSERVlNG Kl'SPOIJSES: COGKITIVE STYU5 BY 
Tfi^UiUIIG, IrirlEUIATI: m uaAVEU P05TTE5T5 CQilBlNED 

Impulsive Reflective Coiiihined I-K 

Uiscriiiu Revers. Uiscrim^ Revers. Uiscrim. Kevers. 



Levelers 




■ 0.Z3 


1.21 


U.3U 


0,75 




Sharp (incurs 


U.44 




Q.71S 




U.6o 


1.3U 


Cuitibijied L-S 




0.ij4 











An analysis of variance of the data rtiprt^sented in Taulo li; 
revealeu tJO signi f 7c^^^^; autcuj*^(is os weil as two ^^druir^al ly signi- 
ficant finoinys. Tuere was a bicjnificant change in tnc jiuitiuer of 
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cunserviiiq responst;s fruuj tim liiiinedlut-j to the delayeu posttest 
(F=4*/7j dffU'fU, ii<.i}D)* k\ averaue of u*u;; consL^rviny reiiponses 
apptfcireu iiT Tshe iiiWiiLJUUite posttest cuiiipared to an d^'j^raue of u*cio 
respuristiS in tiJe tJtilayou pusjttesit* Tui'ther, a sionificanx inter- 
actiun v/tis fuujiu betivcien tne iupu!sivt:*^ref teutive cuynltive style 
fcictur awQ tnt iiiJiieuiaCt:-de'layeU pu5T:i:tiSt foccor (F=^^*47, yXr^*"^*-^* 
tJ^<*Jb)* The maw scor^^ for tne ijtipulsi ves; um ths'iji^iiedi ate post- 
test wus J.o't rJui fur trie uelciytul po«Si:tust U was J*64* The uitjun 
for lite refltictu'iis on tne ihi^ieuiate posttest wcis J*uJ, and fur 
tne delayed pustttjst tne liit^an vvds ]^UZ* from tnt-'se, jaecuis it can 
ue seen tiiat tne interaction effect wus due indinly to tne gains 
made by the reflectiv^^s from tne iii^ieuiatu pusttest to tne delayed 
post test, 

itoth of tJiu iiWnjiMally significant effects Involved tt)e inter- 
actiojj uf the two cuc;nitive styie measures with rhe uvininn vari- 
able* Kt::9draiMg tht:! interactiun of levtj'l inn-snarpeniny witn trai- 
ning {[^^^ii'Ot affl,4U, p< Ju) levelers tend to prufit niure from 
discriminatiunTraininyn^roceuLirus while snarp^iiei^s prufiteci m-^re 
reversibility traininy, Tne iasr t/o culuniiS uf TaoJe Ic Je^^ict 
tnii; u,*tcOiJie, In tiie Interaction uf iMpulsivity-reflcctivity and 
training (HJ*<;U, af=^i,4u, \i<*'i\j) tne uutcohie was sihiilar to tne 
previous analysis fnvulviny^nuiiiuer cunservatiun* liiipulsives were 
mure susceptiole to revursioilixy traininy whereas reflectiv'es pro- 
fireu more from uiscriminatiun trainijiy* Tne uuttom row of Vaole 1^ 
Shows this pattern uf finuinys* 



Discussion 

Befure considering the several findinus which relate to cuy^ 
nitivG style anocon$^irvcl^;io^, souo cai;i;.iGnts reyardinu iUe. rrainina 
effocts incieponcieni: of cuoin'tive style will be offered. 'Cutn 
training techniques induced conservation relaclve to the control 
oroLjp- j!ear]y iialf of the ciiildren in the traininy ^t^ouds acquired 
conservation while only one chilu in tJie cunrrol group did so* 
Tiius, the present findings conforiii to rne host of si:udies performed 
over too past decade (cf. Craincrd & Allen, H/l ) v/hich siiov; chat 
conservcicion is inMuGnccd by training, .iorcover, the findinjs in- 
dicdce, as in previous si-jdics Co*y., Deilin, 11Ju:j) thai: Mie aye 
uf a child is a general factor winch affects suscentibi 1 i uy i^u 
conservation traininy* Gldi^r children are more likely to profit 
froiii conservacion training chan yonnyer childreii. 

Since the present criterion far conservation was of a strinycni: 
type ajid required an auequai:e jasclfication* it was possible to ue^ 
terMine the reiatiunship between t/P- of tnrni:^; :^d:)ini3:c:\vJ awi 
type of jusrif icution uivi.:n by uiie children in tho post-tesus- Tne 
results showed dwic Cmi lurcn received discrii;tinai;iun truiininy 
yave predominantly countitrj jus cif ica cions » whereas children who 
received reversibility training offered nrevion;^ Qi;antity (c.Q-, 
"Vou just moved ana o'ciier non-cnjjp:ing jus ciri cations- Uy 

cOjji[>ari^;on, a majurity or tiie natural cor^i;erverG i^to/t)^ like i:i;e 
discrii;iinauiojt traineu ciiildren» Supplied couniing as a basis for 



20 



their juGtifications. The siiuildrity btjtween luitural conservers 
and discrii.iiiiatiuii trailed conscrvcrs, on the unc runJ, anJ their 
difference fro:.^ ciie rovcrsibi jity crainca conservcrG suyJcsts that 
there li^ay ho so:we luportant differences in t'm type of conservacion 
whicli the wo i:raininu procedures induce, SchjuriTli^t.aK {K7^), 
for instajice, sutjuost that so^Ai^ rev(?r5ibi 1 i ty traiiiina techniques 
can result in a fonj of ps£:udo-conserva(;ion which is *"preaperationa V 
in ciiaracter. 

In addition* it v/as found that the acquisitio-i involved iJi Che 
two traiiiina tecrinicjues appeared tu bo soinc^/h^t different The 
children v:hD acquired conservacion undt^r discrii.ii nai;ion traininu 
took Gi£inifican^;ly fo^ver ^;riLils to criLorion tnan the chi ldren wiio 
did not acqiiire consorvatiun under discrii^iiiiation training ([3<^ui>)^ 
Uniior reversibility training no clcc^r relationship l;ei:i/een trials 
to criterion unu co])SL-rvdi:ion in thQ pOGt-tesis uas founds i'losj: 
of the children supplied with reversibility traininti coulu predict 
equality on return starciny with uie firiit IrivA. thus, co-tpliance 
with roversihi 1 i ty trainin^i wa^ less likely zo reiiult in conserva- 
tion acquisition. 

Given those differences between disi:rii*iina(;ion and reversibility 
trainino, an intriuLn'no possibilicy fur fj^iture roLa^arci) \/'jUjd ba to 
uoten.iine whetiier training tecnniquas provide rather different forjiiS 
of conservation t.iasCvTy. If so, sucii diffGrencos Miyhc do oxp^cced 
to appeur in uiTfcrenc perfcr;;,'anco (cf. Plavcll tohlwill, lju\)) 
and "ueneral ii:abi 1 i r/^' profiles across counit^ve i;foasures assu^iied 
to be related to nu«uoer cuitservation (e.y- > measurin-j, classification). 

Tiie fiadin.r5 show that co^Jiiitive style variabl es-a^(3-j;dated 
to the process of corti^en'ation acquisition in several wu.ysr^iTe 
li/ajor findi)w of the i^tudy i;as iu support of the central nyput;iGsis, 
i.e., a style X training) interaction. On the nu.^lucr coni>crvation 
task, iiopulsive children profited Just froi.i reversibility trainirio 
while discriiiH natiui) traininu was i.iost effective o-aono )"ef)h3Ctive 
children. There was also soi.ie evidence th.-ic a sii;:ilar kind of inter- 
action occurred in tbc transfer tests of conserva ciun, ftoreover, 
the interaction did not si^jpiy show th^t iijpulsives failed to pro- 
fit from the discriirnnation trainino. It also showed the converse 
effect witii reflective chiluren* J^eversibi 1 ity training \/ay a less 
effective Ind.icer of conservation in this oroup. Tiius, tJiere appeared 
to bo a genuine intoraccion whereby diffciront training tccnniquos 
are Most effective in different cuynitive style oroaps. 

The i;ios£ plausible e;u)lana"cio)i for tliis outco*je was tentatively 
suggested in tiie introduction, i^eversibi 1 i ty training wnich requires 
less stii^iulus scanninfj and dissection was hiore appropriately suited 
to the conceptual te^.ipu and aode of ij)fon.;ation processing of ijripul- 
sive children. Sc-voral investigators (e.g., Orike, 1J07; Zelinkor 
et.aK. }'J7<i} have exaLiineJ CiUiracteriscic infon.idtion processing 
differences between ii.ipuisive and reflective chiluren. Tiiese studies 
Support the Jiociori tju\t reflective children engage in i:iore visual 
scanning iU]6 poijic by point couparisons than iMpjisive cbiluren. i 

lit shoulo be noted tiiat these characteristic infon.Mtion processing 
styles ap[)oar to Ua closely rolat[;d co the fact iiiat refleccives dV\:: 
engaged fur longer periods of tiuo with these visual orra/s. 



21 



l/nile tho foregoing line of reasoning i;iay explain tno Inability of 
the lupulsivos tu profit fro\n cJiscrltiiiiiacion trainiiig, it doiis not 
explain ivhy rovcrsunlity traininn m$ uvac'n loss effective auojiu 
reflGCtivc c-iildron* Other cuun requirinj Icss stiiiiulus scarininu 
and analysis, it 1s not ciaar uhat specific demands, the rcvtirsibl- 
lity technique contains whicii liiake it i.iore difficult for reflective 
chi Idren* 

In addition to its Interaction with different trainina proce- 
dures, certain aspects of the Ihipulsive-refloctive di;:iension were 
relateci to processes of conservation acquisition in oci^er iuiporcant 
v/ays* first, natural coiiservers i/ere found to uiake fewer errors on 
the KiUSP than non-consorvers prior to any traininu, Altnouyh no 
data were collected on u)q visual scanning pattmis durifiu explora- 
tion of the YPAS? ito:;;S, previous research supports tno assuj.iptiO)» 
tiiat children who Maile i;iore errors were loss sys:;e:.iatic in their 
search straceuios (Zellnfcer Gt*al*, hj7c:), Furtneruore, other in- 
vestiyators (0*bryan BoersMa, li^71} Jiave shown thac in the visual 
inspectioji of ccnservatioii proolo-js (wiiereby two perceptually equi- 
Vdleni; quantities are ciisplayDu and tiicn one of these is iransfon.ied 
into anocher percopi;ual si)i\pe or confi s^iuration) , natural conservers 
display uore systoi.^atic exploration ( Jecentra cions ) and coi.iparisuns 
(couplinas) of the conservation 1te::';S tnan non-conservcrs , Fron; 
t!ie preseni; f1ndiiji;^s,- iz would see.:i that such sysLe.aatic perceptual 
activity is noi liMitou to the conservcition problonis per se, but 
extends to other arrays which bear rGse;^lb]a^ce to conservuTcion tasks* 
In this sense, conservation acquisition appears to be associaceo 
with a fairly yeneralii^eu shirt amy Trou "perceptual seduction*'* 
Uf course, tne directionality of these processes is not clear; that 
iSi it is not known if perceptual activity is a condicion for cog- 
nitive reoraani^ation, if the reverse is true, or if each of the 
tivo processes reciprocally affect a chanae in the otijer* 

Anotner findiny^ liMiteci co the transfer tasl;^*, snowed that re- 
flective childT^en ii.iprove their perfonjance frau the i^iuediate to 
the delayed post' ;;^s-: while impulsive cln'lJren do not* I-ji,;ediute 
to delayed post-tcsc ii.provoMcnts nave been noted sever.;] ciuos in 
previous coaservutioi? researcii (e,y,, Curcio ec.al,, i:^/!)? f:iuiOLj;;ii 
the reasons for such ii.iiirovo.ijncs have not bc^^n clearly LMaei^?>cc:jd, 
Goulet {I'j'/ii) suuuescs tnat certain aspects of cuynicivo ciunye are 
due to two cypes of siciUs, enacfcive and inhibitory, uioctivc si^ills 
are skills v/hich are used Jireccly in the karninu p(\ibiG^ii aiKi CDoy 
are positively correlated witn the nustery of t.he task. Inhibitory 
skills are skills wlrich ^-iake it possij/le for 'cho individual to with- 
hold a response or scraieyy which interfereii with ^Ccisk Mascory* 
Goulec assut.tos tnac pcrfon.^ancc is a product of botn enaccive and 
inhibicory skills and that inniuitory skills are uevelooe-i later 
than emiCtive skills, a^i assuiiiptiun wnicii parallels a distinction 
between coMpeten'^e and perfon.Mncc offered by Flavell <ind Uonlwill 
(hJoJ)* Once enaciive skills (such as discri.iiinnLiion, or pernaps 
in Piaaot's len^is, coi;rpuiii>auion and reversibility) have uevelopeu 
tho cracUil factor un <j aivan oisk ^^ay bo the aOilicy to delay a 
response so that ojiaclive skillr^ can be utilii:cd fuily. This ex-* 
planation is coMSistcnt with ..lany observations (e*y-> Piayot, passiu) 



tiial: children often posso^^s tlvd prero^iuisito skilU ror consf^rvai:iDii> 
such as aud'i\:io:i-5ubi:raction5 reversi bi i i ty or coi:ipciiSu:ciu,u buc still 
they do mt conserve. 

Soulat oxplici cly sua^Gsts th.^^ the acquisition of consarvatlon 
can ua seen as ucpcnuenc upun both enactivo anci iniiibicory skills. 
Conscrvacion truininj stjciies ^^^hlch emphasize uiiL^ acciuiiiition of cu,4- 
ponent skills such as ajoi tion-subti^actioiu revorsibil 1 ty> eic. {o.a.> 
Wallach Gt.eil.> ]067) havc^ focuscu upon onactivo sl;ills v/iiile l^runor 
(Il/uu) ajid others appear to su'c^Kitst ciuic traijjiny snonici he ciesicned 
to inhibit tile child's tendency to attend to illusory or nislcc^dina 
cues. 

The ability to deploy these inhibiuory strateyios in the conser- 
vation problem i:my b;j one reason for the refloctive's i^^prov^e^ por- 
fon,iunce in uhe delayed post-tesc. Ii;ii.;euia i;ely after oraininy cne 
enactive rules for conservauiuii proviued by sucit cruiiiiny Siioulu exert 
their strongest infU'ence. iJitii the passaae of cine the iii/portance 
oT enactive pjt/cesses relative xjj inhibitory tnfluonces May decline. 
P\S inhibitory skills beco^-^e a uioro predonhnant aspeci uf ui;e conser- 
vation prablein, ref leccives win perforii tiai: ui^cn b^itcer un conser- 
vation tasks thaji i.^ipulsive ciiildren. Al ci^ojah uhe fure:^:0iny c:;- 
planation contaiiis several unsupported inferences, it is plausinle 
enouah to warrant further invesoiwation. 

Finelly> an interostiny inte^rucriDj) e::;eruGd beu\/een the It^velinu- 
sharpeninu and impulsive-reflective diMensions on the ntcsber conser- 
vation post-coses. Certain coi/ibinations of those U.'O styles (i*c*, 
inipulsive levelers and reflective sikTjVGners ) were associated with 
a ureater susceptibility to conservation traiinun. i.'ot enoU:ni is 
known about tiie relationship betv/een tiio t\/o cognitive style diiaen- 
sions to speculate furui^er upon tne causes for sucii an interaction. 
Since no other tests of ;:.ental ability i/ere adi.;inisi:ernd it is Jiot 
known, for instance^ v/heciier any overall I.O. differences existed 
aipiong the four cugnitivo style coiiibin.^Lions. 

In sui.i-Mary, t;»s results si^u;/eu several instances in whicii cog- 
nitive stylo variables interacted witn processes of conservation 
acquisition. Style variables wi^re associated wirh: {!) tne conser- 
vation status of cIjildrtiH before craininu; {Z) tne susceptibility of 
children tu different forijs of tra1nirjy> and (J) iMp[wu:.ients in 
conservuiiiun stacus frou iiiuedia^e to uelayod post-tests. Pet^naps 
the niost consistent and sensible interaction v/as cho ancicipacad 
style A traiiiinn interaction. In this interaction it was sho^.rn cnat 
ii-ipulsive chiidrcj) profit Most fro^^ reversibility traiijinu and re- 
flective childroi) picric i.,ost fro;.i discin^^ijiation traininy^ On the 
other hand, the levelinu-shitrpenina diuension did not seej to inter- 
dec witii coi*servatioii acquisiuion in aiiy coiisistent .,:atvi;er. Ti^e i 
leverina-shaf^pervhiu dii.iension is tiiouaiit co rieavji^y' pr^ocos^cs 
of i.iCMiory ana inrur;:ation r^Lrieval. Perhaps such proc;r:>,^os are 
less iMportant in conscrvatioii cht^n irJ ouhcir duMains of co;initive 
uevelupuen'c. Fur 1n5tajice> it has been sunaosted (bryant Trabasso, 
ly/l) that the ability to solve transitivity pruble;.is is stroiiely 
influcnceu by L;"i;iury. If so, perhaj>s the iovorin'j-sharpeninn di- 
Monsion v.'uulu bo i.ioru clearly related to transitive reusoniny tasks 
tiiun it is to conservation tasks. 
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